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[ METHOD AND SYSTEM FOR 
CONTROLLING TEMPERATURE 
OF AN INTERNAL COMBUSTION 
ENGINE EXHA UST GAS 

AFTER TREA TMENT DEVICE ] 

Background of Invention 

[0001] Field of the Invention 

[0002] The present invention relates to internal combustion engines and more 

particularly to methods and systems for controlling temperature of exhaust gas 
aftertreatment devices used with such engines. 

[0003] Background of the invention 

[0004] 

As is known in the art, exhaust gas aftertreatment devices are generally used with 
vehicular internal combustion engines. One type of such device is a particulate filter 
type device. Such (PF) device traps carbon particles from the exhaust gas stream of 
the engine. Over time, PF becomes occluded with carbon particles. If allowed to 
continue, flow through PF can become impeded. To avoid deleterious effects on the 
engine, the PF is regenerated by the reaction of soot with N02 or 02. In the former PF 
regeneration method, an oxidation catalyst is placed upstream of the PF or the PF is 
coated with precious metal, thereby oxidizing NO in the exhaust gas to N02 for 
regeneration of the PF. To efficiently generate N02, the oxidation catalyst or the PF 
are above 300 degree C. Effective PF regeneration by the latter PF regeneration 
method occurs when the temperature of PF is above 450 degrees C. Such temperature 
is exceeded when the engine is at a high load operating condition. However, it is not 
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always possible for the engine to operate at such a high load condition to provide the 
removal of the particulates. 

[0005] As a consequence, the prior art contains a variety of methods to cause the PF to 
attain regeneration temperature including: electrical heating, operating auxiliary 
devices to cause the engine to operate at a higher load condition than otherwise 
required to provide desired torque, injecting additional fuel in the exhaust, and 
others. These methods increase the engine's fuel consumption. 

Summary of Invention 

[0006] The inventors of the present invention have recognized a temperature of an 
internal combustion engine exhaust gas aftertreatment device can be controlled 
without penalizing fuel economy. 

[0007] In accordance with the present invention, a method and system are provided for 
controlling temperature of an internal combustion engine exhaust gas aftertreatment 
device. The method includes estimating temperature in the aftertreatment device and 
operating a first portion of a plurality of engine cylinders at a first torque output and 
operating a second portion of the plurality of engine cylinders at a second torque 
output when said temperature is not within a desired temperature range. The overall 
torque output of the engine is substantially an operator demanded torque. The first 
portion of cylinders is coupled to the aftertreatment device and the second portion of 
cylinders is decoupled from the aftertreatment device. 

[0008] With such method, the temperature of an aftertreatment device coupled to 

exhaust from the first portion of the plurality of cylinders is increased when the first 
torque is greater than the second torque. Further, if it is desired to reduce the 
temperature of an aftertreatment device, such temperature is decreased when the first 
torque is less than the second torque. 

[0009] 

In accordance with another feature of the invention a method for controlling an 
internal combustion engine is provided. The engine is a multi-cylinder engine with a 
first group of cylinders coupled to an exhaust aftertreatment device and a second 
group of cylinders de-coupled from the exhaust aftertreatment device. The first group 
of cylinders is operated at a first operating condition and the second group of 
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cylinders is operated at a second operating condition. The first operating condition 
generates a higher torque than the second operating condition and the second 
operating condition provides positive torque. In a refinement, a driver demanded 
torque is determined and the first and second operating conditions are determined 
such that the engine delivers substantially driver demanded torque. Further, the first 
operating condition is selected to provide the temperature rise desired in the exhaust 
aftertreatment device. 

[001 0] An advantage of the present method is that because the total torque provided by 
the engine equals the driver demanded torque, the fuel efficiency of the engine is not 
impaired. 

[001 1] In another embodiment, a method for controlling a multi-cylinder diesel engine is 
disclosed. The engine has a first group of cylinders coupled to a first lean NOx 
catalyst and a second group of cylinders coupled to a second lean NOx catalyst., Fuel 
delivery is discontinued to the first group of cylinders. The second group of cylinders 
is operated at an operating condition which causes the engine to deliver the operated 
demanded torque. A reductant injector is provided upstream of the first lean NOx 
catalyst. When sufficient reductant has been supplied, the first and second groups of 
cylinders resume operation according to a normal operating strategy. In the normal 
strategy, all of the cylinders provide approximately the same torque level. 

[001 2] Yet another advantage of the present method is that, in engines with multiple 

aftertreatment devices provided for different cylinder groups, additional hardware is 
not required to carry out the invention. 

[001 3] A j so disclosed is a method for controlling a multi-cylinder diesel engine having a 
first group of cylinders coupled to a lean NOx catalyst, a second group of cylinders 
not coupled to the lean NOx catalyst, and an reductant injector disposed in an engine 
exhaust coupled to the first group of cylinders. When actuated, the injector provides 
reductant to the lean NOx catalyst. If the driver demanded torque is greater than a 
predetermined torque, the engine is operated such that the first group of cylinders 
provides a higher torque than the second group of cylinders. The higher torque 
causes the temperature in the Lean NOx catalyst to exceed about 3 50 degrees C. 
Upon achieving that temperature, the injector is caused to provide reductant to the 
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lean NOx catalyst. If the driver demanded torque is less than the predetermined 
torque, the engine is operated so that fuel supply to the first group of cylinders is 
shut off. The second group of cylinders is operated sucrTthat they provide the driver 
demanded torque. The injector is caused to provide reductant to the lean NOx catalyst 
coupled to the first group of cylinders. 

[0014] An advantage of an aspect of the present invention is that there are two modes by 
which the reductant can be supplied to the LNC: at a temperature greater than 3 50 
degrees C; and when there is no combustion in the group of cylinders coupled to the 
LNC. By having two methods, the former more applicable to higher torque conditions 
and the latter more applicable to lower torque conditions, the more advantageous 
method can be applied subject to operator demanded torque. 

[001 5] The above advantages, other advantages, and features of the present invention 
will be readily apparent from the following detailed description of the preferred 
embodiments when taken in connection with the accompanying drawings. 

Brief Description of Drawings 

[0016] The advantages described herein will be more fully understood by reading an 

example of an embodiment in which the invention is used to advantage; referred to 
herein as the Detailed Description, with reference to the drawings wherein: 

[0017] Figure 1 is a schematic of an engine equipped according to an aspect of the 
present invention; 

[001 8] Figure 2 is a graph showing the exhaust temperature from a production diesel 
engine as a function of load; and 

[001 9] Figure 3-8 each show a control strategy according to an aspect of the present 
invention. 

Detailed Description 

[0020] 

In Figure 1, an internal combustion engine 10 is shown. Engine 10 is, preferably, a 
diesel engine. However, the invention claimed herein is applicable to other engines 
such as spark-ignited gasoline engines or homogeneous charge compression ignition 
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engines. 

[0021] figure 1 shows, by way of example, a_4-cylinder enginej_0. Engines having 6, 8, 
10, 1 2 or other even number of cylinders can be used for this invention, having the 
exhaust collected into at least 2 paths. Engine 10 is supplied air through an intake 
manifold 1 2 with a throttle valve 1 4. Typically, diesel engines are equipped with a 
throttle valve 14 or exhaust pressure control to cause a pressure depression between 
exhaust manifold 16 and intake manifold 12, even during boosted operation, so 
exhaust gases can be recirculated from the exhaust system through an exhaust gas 
recirculation system (not shown). Fuel injectors 20 supply fuel into cylinders 22 of 
engine 10. Engine 10 has two cylinders supplying exhaust gases to exhaust manifold 
16 which couples to exhaust aftertreatment device 30. 

[0022] In one embodiment, exhaust aftertreatment device 30 is a lean NOx catalyst (LNC). 
Injector 24 supplies reductant to LNC 30. Exhaust gas composition sensors 38 and 28 
are placed upstream and downstream of LNC 30, respectively. The corresponding 
equipment for the other two cylinders is: exhaust manifold 1 8, exhaust aftertreatment 
device 32, exhaust gas composition sensors 36 and 26, and injector 23. Also shown 
are temperature sensors 34 and 35 in exhaust aftertreatment devices 32 and 30, 
respectively. The temperature sensors can be placed upstream or downstream of 
aftertreatment devices 30 and 32, or anywhere in the exhaust ducts such that their 
signals are indicative of aftertreatment device temperature. In an alternative 
embodiment, temperature is not measured, but instead modeled based on engine 
operating conditions. 

[0023] Connections between elements 23, 36, 35, and 26 and ECU 40 are not shown in 

Figure 1 for the sake of clarity. Elements 23, 36, 35, and 26 are similarly connected to 
the I/O of ECU 40 as elements 24, 38, 34, and 28. 

[0024] For engine 1 0 shown in Figure 1 , the exhaust lines exiting exhaust aftertreatment 
devices 30 and 32 are maintained separately. Alternatively, the two exhaust ducts are 
coupled together downstream of devices 30 and 32. In another alternative, the 
combined exhaust flows through another aftertreatment device. 

[0025] 

In the embodiment in which the two exhaust ducts are combined into one duct 
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downstream of exhaust aftertreatment devices 30 and 32, a first group of cylinders 
coupled to a first exhaust aftertreatment device is not considered to be coupled to the 
second exhaust aftertreatment device due to the combining of the exhaust ducts " 
because the combining is performed downstream of the first and second (or more) 
exhaust aftertreatment devices 30 and 32. Because the gases flowing through device 
30 are distinct from gases flowing through device 32 and mix only after exiting their 
respective aftertreatment devices, the two devices 30 and 32 are not considered 
coupled together. In other words, the first group of cylinders is decoupled from the 
second aftertreatment device. 

[0026] In Figure 1 , a first group of cylinders is coupled to aftertreatment device 30 and a 
second group of cylinders is coupled to aftertreatment device 32. The first and second 
groups of cylinders are mutually exclusive. That is, no cylinder in the first group is 
also a member of the second group and vice versa. 

[0027] The embodiment shown in Figure 1 has two aftertreatment devices processing 

different exhaust streams, byway of example. The present invention is not limited to 
two aftertreatment devices. If the case of an in-line six-cylinder engine, a separate 
exhaust manifold and aftertreatment device can be provided for each cylinder pair. V 
engines, such as V-6, V-8, V-l 0, or V-l 2 configurations, are well suited for the 
present invention as they normally have each of the two cylinder banks coupled to a 
separate exhaust manifold. 

[0028] Alternatively, exhaust aftertreatment device 30, of Figure 1 , is a particulate filter 
(PF). PF 30 is regenerated by causing the temperature within PF 30 to exceed the 
ignition temperature of collected carbon matter. Once the carbon attains the ignition 
temperature, oxidation usually continues until the carbon is consumed. 

[0029] Continuing to refer to Figure 1 , electronic control unit (ECU) 40 is provided to 

control engine 1 0. ECU 40 has a microprocessor 46, called a central processing unit 
(CPU), in communication with memory management unit (MMU) 48. MMU 48 controls 
the movement of data among the various computer readable storage media and 
communicates data to and from CPU 46. The computer readable storage media 
preferably include volatile and nonvolatile storage in read-only memory (ROM) 50, 
random-access memory (RAM) 54, and keep-alive memory (KAM) 52, for example. 
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KAM 52 may be used to store various operating variables while CPU 46 is powered 
down. The computer-readable storage media may be implemented using any of a 
number of known memory devices such as PROMs (programmable read-only memory), 
EPROMs (electrically PROM), EEPROMs (electrically erasable PROM), flash memory, or 
any other electric, magnetic, optical, or combination memory devices capable of 
storing data, some of which represent executable instructions, used by CPU 46 in 
controlling the engine or vehicle into which the engine is mounted. The computer- 
readable storage media may also include floppy disks, CD-ROMs, hard disks, and the 
like. CPU 46 communicates with various sensors and actuators via an input/output 
(I/O) interface 44. Examples of items that are actuated under control by CPU 46, 
through I/O interface 44, are fuel injection timing, fuel injection rate, fuel injection 
duration, throttle valve position, spark plug timing (in the event that engine 10 is a 
spark-ignition engine), reductant injection, and others. Sensors 42 communicating 
input through I/O interface 44 may be indicating piston position, engine rotational 
speed, vehicle speed, coolant temperature, intake manifold pressure, accelerator 
pedal position, throttle valve position, air temperature, exhaust temperature, exhaust 
stoichiometry, exhaust component concentration, and air flow. Specific sensors shown 
in Figure 1 are exhaust gas component sensors 26, 28, 36, and 38. In one 
embodiment, the exhaust gas component sensors are NOx sensors. Alternatively, the 
sensors are reductant sensors. In another embodiment, the sensors are exhaust gas 
oxygen sensors. In a further alternative, a combination of sensors are installed in 
place of any element: 26, 28, 36, and 38. Some ECU 40 architectures do not contain 
MMU 48. If no MMU 48 is employed, CPU 46 manages data and connects directly to 
ROM 50, RAM 54, and KAM 52. Of course, the present invention could utilize more 
than one CPU 46 to provide engine control and ECU 40 may contain multiple ROM 50, 
RAM 54, and KAM 52 coupled to MMU 48 or CPU 46 depending upon the particular 
application. 

In one aspect of the present invention, a set of operating conditions are provided 
in a subset of engine cylinders so that a higher exhaust temperature is achieved than 
would exist if all engine cylinders were operating at the same operating condition. 

In the case of a LNC, the threshold temperature above which it is desirable to add 
reductant is about 350 degrees C. 
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[0032] The temperature at which oxidation occurs in a PF is at most 500 degrees. The 

ignition temperature of particulate matter collected in the PF can be reduced to as low 
as about 2 50 degrees C by one or more of the following measures: using fuel 
containing fuel additives, a catalytic coating on the PF, and by introducing exhaust 
gases in which the NOx is mostly N02. 

[0033] A temperature of the exhaust gas aftertreatment device is controlled by operating 
a first portion of a plurality of engine cylinders at a first torque output and operating a 
second portion of said plurality of engine cylinders at a second torque output when 
temperature in the aftertreatment device is not within a desired temperature. 

[0034] In Figure 2, a graph of exhaust temperature as a function of engine operating 

condition is shown for a typical production diesel engine at a location upstream and 
downstream of a turbocharger. Figure 1 does not show a turbocharger, which is 
typically used with diesel engines, in one embodiment, exhaust aftertreatment devices 
30 and 32 are located upstream of the exhaust turbine element of the turbocharger. 
Alternatively, they are located downstream of the exhaust turbine. For the purposes of 
illustration of the method of the present invention, the following discussion refers to 
the temperature of the exhaust gases upstream (before) of the turbocharger. If the 
demanded load from the engine were 1 5%, the resulting exhaust temperature is about 
320 degrees C. For the purposes of adding reductant to the LNC, the desired 
temperature is greater than 350 degrees C. To obtain 3 50 degrees C in one LNC, e.g., 
element 32 in Figure 1, engine cylinders coupled to LNC 32 are operated at 19% load. 
So that the demanded load from the engine does not exceed 1 5%, the cylinders not 
coupled to LNC 32 are operated at about 1 1% load. 

[0035] The present example refers to the situation where the number of cylinders in each 
group is equal. Alternatively, the method applies to unequal cylinder groupings. If 
exhaust aftertreatment device 32 is a PF and desired load from the engine is 20%, 
cylinders coupled to LNC 32 are operated at 34% load, to achieve the desired 500 deg 
C, and the other cylinders are operated at about 6% load. 

[0036] | n a patent application, serial number 09/682,241 , assigned to the assignee of the 
present invention, the entire subject matter thereof being incorporated herein by 
reference, a method to operate a lean NOx (NO and NO ) catalyst (LNC) is disclosed. 
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In this method, reductant is supplied to the LNC under particular operating 
eg., when the temperature in LNC is greater than 350 degrees C. The inventors of 
patent application '241 have recognized that by storing reductant oh active sites 
within the LNC that the conversion efficiency of the LNC is higher than when the 
reductant is stored within the catalyst, but not on active sites in the catalyst. The 
inventors theorize that NOx preferentially absorbs onto the active sites in the LNC and 
prevents the reductant from accessing active sites. However, when the temperature in 
the LNC is greater than 350 degrees C, the NOx desorbs and allows reductant to gain 
access to the active sites. Here, in accordance with this invention, the temperature of 
the exhaust gas aftertreatment device is controlled, as noted above by operating one 
portion of a plurality cylinders in the engine with a relatively high torque output and 
another portion of the plurality cylinders at a relatively low torque output, with the 
overall torque output of the engine being the operator demanded torque. 

[0037] In another embodiment, reductant is supplied to the LNC continuously when the 
temperature in the LNC is above the LNC activation temperature, which is about 225 
degrees C. 

[0038] Referring now to Figure 3, a control strategy, according to the present invention, 

starts with step 1 00. Engine 1 0 is operated according to a normal engine strategy in 

step 102. In step 104, it is determined whether the nth LNC is in need of 

replenishment of reductant. If not, control returns to step 1 02. If yes, control 

proceeds to step 1 06 in which it is determined whether the temperature in the nth 

LNC is high enough. If yes, control proceeds to step 1 14 and reductant is injected. If a 

negative result is obtained from block 106, control passes to step 108 in which it is 

determined a first operating condition that would cause a temperature increase in LNC 

to the desired temperature. In step 1 1 0, a second operating condition is also 

determined that will cause the torque developed by the engine to meet torque 

demanded by the operator. In step 1 12, the first operating condition is commanded to 

the cylinders coupled to LNC and the second operating condition is commanded to 

n 

the cylinders other than those coupled to LNC . When the desired (or threshold) 

n 

temperature is achieved in LNC , reductant is supplied to LNC , in step 1 14. 

n n 

Injection of reductant continues, until, in step 1 1 6, it is determined that LNC is 

n 

replenished. A positive result from step 1 16 passes control to step 102 where engine 
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10 is restored to normal engine operating strategy. 

[0039] The strategy in Figure 3 is repeated for each LNC in the system. Thus, if there are 
two LNCs, the strategy is conducted once for n=l and once for n=2. If three LNCs, 
n=l , 2, and 3. 

[0040] Alternatively, engine 10 is a stratified-charge, spark-ignition engine and exhaust 

aftertreatment devices 30 and 32 are lean NOx traps (LNTs). A similar strategy to that 

employed in Figure 3 is shown in Figure 4 for purging NOx from LNTs. That is, after 

starting (step 120) and operating normally (step 122) in step 124, it is determined 

whether LNT is full and should be purged and, in step 1 26, whether LNT is hot 

n n 
enough to be purged. Purging, in this context, means that NOx stored in the LNT is 

desorbed from the LNT and subsequently reacted. If LNT is warm enough, control 

n 

passes to step 1 34 in which the purging conditions are provided in LNT . Besides the 

n 

temperature, a rich condition causes desorption and reaction of the NOx. If a negative 

result is obtained from step 126, control passes to step 128 in which an operating 

condition is determined which would cause a rise in LNT temperature above Tmin 

n 

The minimum LNT temperature (Tmin) for purging is approximately 2 50 degrees C. 

Control continues to step 1 30, in which a second operating condition is determined 

for the other cylinders, i.e., those not coupled to LNT . In step 1 32, the first and 

n 

second operating conditions are commanded to the first and second groups of 
cylinders, respectively. Control passes to step 134 in which the purge is conducted. In 
step 1 36, it is determined whether the purge has been completed. If not, return to 
step 1 34. If purge is completed, control returns to step 1 22 for operation under a 
normal strategy. 

[0041] 

The LNT has a temperature maximum for purging, which is about 450 degrees C. 
Purging typically leads to an exotherm (energy release causing a temperature rise) in 
the LNT. Thus, it is advisable to start the purging process at a slightly lower 
temperature than the maximum temperature. A temperature of 425 degrees C is 
sufficiently below the temperature maximum thereby ensuring that the energy release 
during purging doesn't cause the LNT to exceed the temperature maximum. An 
operating strategy to accomplish this is shown in Figure 5. The strategy is very similar 
to that shown in Figure 4. Only the differences between the two strategies are 
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highlighted. In step 1 56, it is determined whether LNT temperature is low enough to 

purge. If yes, control passes to step 1 64 for purging. If not, control passes to step 

1 58 in which an operating condition causing LNT temperature to be less than Tmax 

n 

is determined. Tmax, is about 450 degrees C. 

[0042] It is likely that for there to be enough range of authority in obtaining two distinct 
operating conditions in the first and second groups of cylinders, such as required for 
the strategies shown in Figures 4 and 5, that engine 1 0 of Figure 1 would be equipped 
with two separated intake manifolds, each with a throttle valve upstream of each 
manifold. Alternatively, the engine is equipped with port throttles at each intake port. 
In yet another alternative, the engine is provided with mechanisms for varying valve 
timing and/or valve lift to allow sufficient control over air intake for the two groups of 
cylinders independently. The alternative configurations are not shown in Figure 1 . 

[0043] It is known that LNTs absorb SOx (SO ^ and SO ), which reduces LNT 

effectiveness. Periodically, the temperature is raised in LNT to cause the SOx to be 

released from the LNT (deSOx). In another alternative, a deSOx strategy, according to 

the present invention, is shown in Figure 6. After starting (step 1 80) and operating 

normally (step 1 82), in step 1 84, it is determined whether LNT should be taken 

n 

through deSOx and, in step 1 26, whether LNT is hot enough to deSOx. If LNT is 

n n 
warm enough, control passes to step 134 in which the purging conditions are 

provided in LNT . If a negative result is obtained from step 1 86, control passes to 

step 1 88 in which an operating condition is determined which would cause a rise in 

LNT temperature above the deSOx temperature. Control continues to step 190, in 

which a second operating condition is determine for the other cylinders, i.e., those not 

coupled to LNT . In step 1 92, the first and second operating conditions are 

commanded to the first and second groups of cylinders, respectively. Control passes 

to step 1 94 in which the deSOx is performed. In step 1 96, it is determined whether 

deSOxing has been completed. If not, return to step 1 94. If purge is completed, 

control returns to step 1 82 for operation under a normal strategy. 

[0044] 

Referring to Figure 7, a strategy for a PF starts with step 200. Engine 10 is 
operated according to a normal engine strategy in step 202. In step 204, it is 
determined whether the nth PF is in need of replenishment of reductant. If not, control 



AppJD=10065597 Page 11 of 31 



returns to step 202. If yes, control proceeds to step 206 in which it is determined 

whether the temperature in the nth PF is high enough. If yes, control proceeds to step 

214 and reductant is injected. If a negative result is obtained from block 206, control 

passes to step 208 in which it is determined a first operating condition that would 

cause a temperature increase in PF to the desired temperature. In step 21 0, a 

second operating condition is also determined that will cause the torque developed by 

the engine to meet torque demanded by the operator. In step 212, the first operating 

condition is commanded to the cylinders coupled to PF and the second operatinq 

n 

condition is commanded to the cylinders other than those coupled to PF . When the 

n 

ignition (or threshold) temperature is achieved in PF , regeneration begins in step 

n 

2 1 4. After successful ignition in PF is initiated, typically, it continues without taking 
further measures. In this situation, control passes to step 202 where engine 10 is 
restored to normal engine operating strategy. 

[0045] Referring now to Figure 8, a control strategy, according to the present invention, 

starts with step 300. Engine 10 is operated according to a normal engine strategy in 

step 302. In step 304, it is determined whether the nth LNC is in need of 

n 

replenishment of reductant. If not, control returns to step 302. If yes, control 

proceeds to step 306 an operating condition of the cylinders not coupled to LNC is 

n 

determined which provides the desired torque. Control passes to step 308 in which 

the injectors to the cylinder coupled to LNC are turned off. In step 3 1 0, the 

n 

operating condition determined in step 306 is commanded to the cylinders not 

coupled to LNC . In step 312, reductant is supplied to LNC . Injection of reductant 
n n 

continues, until, in step 314, it is determined that LNC is replenished. A positive 

n 

result from step 314 passes control to step 302 where engine 10 is restored to normal 
engine operating strategy. 

[0046] The strategy in Figure 3 is repeated for each LNC in the system. Thus, if there are 
two LNCs, the strategy is conducted once for n=l and once for n = 2. If three LNCs, 
n=l , 2, and 3. 

[0047] 

While several modes for carrying out the invention have been described in detail, 
those familiar with the art to which this invention relates will recognize alternative 
designs and embodiments for practicing the invention. The above-described 
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embodiments are Intended to be illustrative of the invention, which may be modified 
within the scope of the following claims. 

[0048] We claim: 
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